Separation and recovery of 152+154 Eu and 90 Sr from radioactive waste using tracer concentration from active material from waste tank in the ET-RR1 Egypt via hollow fiber supported liquid membrane (HFSLM) were achieved. The Polypropylene was used as supporter to carrier 0.5M Cyanex301/kerosene (bis(2,4,4-trimethylpentyl)dithiophosphinic acid and 0.1MEDTA as stripping of 152+154 Eu and 90 Sr ions from nitrate medium at pH ~3.6. The separation factor was found to be ~4 for 152+154 Eu over 90 Sr. The aqueous feed of mass transfer coefficient (ki) and the organic mass transfer coefficient (km) were calculated to be (1.52 and 4.5) × 10 −2 cm/s, respectively. In addition, the mass transfer modeling was performed and the validity of the developed model from experimental data was found to join in well with the theoretical values when the Cyanex301 concentration is higher than 1% (v/v). The number of cycles evaluated for complete separation of 152+154 Eu and 90 Sr is five cycles.
Introduction Overview and Background
Radionuclide contamination distributions and their impacts of relative to contamination sources are the primary * Corresponding author.
focus and separation by a Novel technique as hollow fiber supported liquid membrane of this work. Although the wastewater samples which are present in the waste tank were found in assay of all radionuclide contamination, the number of radionuclide contamination in the ET-RR1 Egypt reactor zone is desirable. The technology used (passive gamma logging) allows only an assay of gamma-emitting radionuclides. The radionuclide contamination in the ET-RR1 reactor in Egypt zone can be considered to present both a short-term occupational exposure risk to operations workers and a long-term risk to the public and the environment. The types of possible risks depend on a variety of factors that are specific to each radionuclide, including the decay half-life of the nuclide, its mobility in the water and soil contamination (and ultimately in the groundwater), and its specific activity and/or biological toxicity [1] - [3] . Long-term human health risks arise primarily from a potential pathway where by an individual is exposed by ingesting contaminated groundwater and from a pathway involving direct exposure of an individual to contaminated sediment that is uncovered or otherwise brought to the surface in the distant future. There are some elements that have raised the risk of long-term waste tank. Many of the radionuclides that are in the original waste have a short half-life of the tank, however no longer detectable. Europium radionuclides in the tank wastes include the isotopes Eu-152 and Eu-154. Eu-154 originates from the activation of europium-153 (Eu-153), which is a fission product. Eu-154 is not as abundant in the irradiated fuel or the processing waste streams as Cs-137, but it is present in irradiated fuel at high enough concentrations that it contributes a significant amount to the total radiation flux from the fuel. Sr-90 is similar to Cs-137 because it is also a high-yield, long-lived fission product with a half-life of 29 years. Unlike Cs-137, Sr-90 decays with the emission [4] of a beta particle but no gamma-ray photons. Sr-90 decays to yttrium-90 (Y-90), which has a short half-life (64 hours), and to stable zirconium-90 (Zr-90). The beta particle emitted in the decay of Y-90 has a high energy (2.2 million-electron-volts [MeV] ) and is usually associated with the parent radionuclide Sr-90. It is the second most abundant radionuclide in the tank waste material. In the high-heat and self-boiling tanks the decay of Sr-90 generates more heat than all other radionuclides combined [5] . This heat is the result of the release of high-energy beta particles from the decay of Y-90. Sr-90 is dissolved easily during the fuel dissolution process, the first stage of fuel rod processing, and it stays in solution throughout the separation process [6] . Consequently, Sr-90 is always a component in effluent waste products to highlight the state of separation of 
Experimental

Apparatus
Hollow fiber supported liquid membrane, In A laboratory scale Celgard X-30 polypropylene fibers were used in the experiment. And its properties are listed in Table 1 . Both pH of feed and stripping solutions were measured by B-417 HANA instrument. For equilibrium experiments a good shaker of the type SANKYO, a Centrifuge of the type UNIVERSAL with. a muffle furnace from LINDBERG and a special micropipette with disposable tips were used. Tri-Carb 1600 CA liquid scintillation analyzer was used for the determination of β-emission via liquid scintillation solution (Hionic fluxar). A model 800 A multichannel analyzer consisting of NaI (Ti) activated crystal flat type of 256 channels connected to an automatic scaler was used for counting the gamma activity. All chemicals were of A.R. grade and supplied by Merck. The HFSLM module was prepared using polypropylene micro-porous membrane lumens obtained ) and initial volume activity of feed solutions about 1000 Bq•Cm −3 was purified by the usual dispersed emulsion membrane method.
Reaction Mechanism for Hollow Fiber Supported Liquid Membrane System
The HFSLM system consists of three phases those are feed phase, organic membrane phase and stripping phase. The aqueous feed solution was
152+154
Eu and 90 Sr radioactive waste) and EDTA was used as stripping phase. The aqueous feed phase and stripping phase were in contact with the organic membrane phase. The extractant cyanex301 (bis(2,4-4,trimethylphenyl)-dithiophosphonic acid in kerosene) is filled in the membrane pores. The aqueous feed flows inside the tube and stripping solution flows in the shell of module. The flow between tube and shell sides is in counter current direction. The transport mechanism of Sr are(complexes) with a carrier diffusion through the membrane phase from interface feed phase to interface membrane phase, and the metal complex produced pervious step reacts with hydronium ions (3H + ) at the membrane stripping phase by 0.1 M EDTA as stripping phase and the carrier recycle from interface Feed phase ↔ Membrane phase and return to from Membrane ↔ feed. Calculate percentage of extraction and stripping phase from Equation (2) .
s,out feed,in
C C
Concentration of stripping out let and concentration in feed inlet.
Characterization of Hollow Fiber Module
The facilities of transport mechanisms through the hollow fiber module Figure 1 , used widely for the separation applications and the selectivity is controlled by both the extraction of radioactive waste by using hollow fiber module Table 1 Shows the properties of the hollow fiber module (Shanghai Liquapure Filtration Co., Ltd). The extraction and stripping (back-extraction) equilibrium at the interfaces and the kinetics And transferred complex species under a non-equilibrium mass-transfer process. The single module operation is shown in Figure 2 (SEMpolypropylene HFSLM). 90 Sr ions in sample from the feed and the stripping solutions were analyzed by multichannel to determine the percentage of extraction and stripping. The extractant of cyanex301 (bis(2,4-4,trimethylphenyl)-dithiophosphonic acid. were obtained from Merck, Where cyanex301 as soft donor ligands so selective trivalent complex The aqueous solution was provided from tracer radioactive waste dissolved in 0.1 M HNO 3 . All other chemicals such as nitric acid and kerosene were obtained from sigma Aldrich. The feed phase was not diluted but only adjusted pH by nitric acid. The receiving [8] - [16] or striping phase was prepared from the stock solution by dilution with distilled water to the desired concentration. The organic phase is used as a carrier and dissolved in kerosene.
Extraction of Equilibrium Constant and Distribution Ratio
Study the K ex as extraction constant for X =
152+154
Eu and 90 Sr ion that extracted by Cyanex301/kerosene can be calculated using [17] .
And the distribution ratio (D) for X given by ( )
According to the distribution ratio equations as a function of extraction equilibrium constants 
Evaluation the Permeability of Hollow Fiber Membrane [17]
Evaluation the permeability of hollow fiber membrane of radioactive waste in the HNO 3 (1 M). Hollow fiber is placed in a solution within a very large glass tube. The hollow fiber is 20.3 cm in length, with a diameter of 6300 microns. Liquid flow rate contain dissolved permeable through the hollow fiber is 1 ml/min. Found that the solute concentration and permeability out of the hollow fiber is 10% of the concentration of this solution when entering the hollow fiber. Evalution the permeability of the hollow fiber membrane for this we will consider a simplified model for solute transport in the hollow fiber. We assume that the flow rate in the shell space is much higher than that of the fiber so that the solute concentration in the shell space is zero and the resistance to the solute within the fiber is negligible so that K 0 ≈ P m . The steady state solute balance on the control volume 2 πrc Z ∆ gives.
( )
where K 0 is the overall mass transfer coefficient between the solute in the hollow fiber and the solute in the shell space next to the hollow fiber wall, and C is the solute concentration in the fiber. The solute concentration in the surrounding shell space is zero. The overall mass transfer coefficient is related to the film mass transfer coefficient and the permeability by the expression. Sr-Carrier and stripping phase diffusion across the liquid membrane immobilized on the porous wall of the fiber outside. The reciprocal of the overall permeability coefficient is given as below.
Where r lm is the hollow fiber mean radius(cm), K i and K s the aqueous feed and stripping mass transfer coefficient in tube and shell side, respectively, and P m the membrane permeability ,which is related to the partition coefficient of 
When the reaction is instantaneous at the stripping phase side, the contribution of the outer aqueous phase resistance is removed from Equation (9) 
Distribution Ratio for Liquid-Liquid Extraction
The distribution ratio for liquid-liquid extraction [19] in the hollow fiber supported liquid membrane measurement at equilibrium state. The volumes of
152+154
Eu and 90 Sr at 1 ml tracer in nitric acid of desired molarity for cyanex301 from Equation (14) . 0 % 100
The distribution ratio ( ) respectively. After 2 hours.
Permeability Coefficient
The permeability coefficient (P), fast interfacial reactions [19] , and the distribution of
152+154
Eu and 90 Sr between the feed and membrane phase were calculated to be higher than those between the membrane and stripping phase. The Equation (14) for determining the permeability coefficient was expressed by Sawicki: The facillated of other simulated radioactive elements from water samples taken from Egyptian EET-R1 reactor and found there are elements such as cesium-137 and cobalt-60, iron-55, chromium-51 and other elements as possible to simulation in aqueous solution. But all of these elements have been taken into account where already moved to inside the hollow fiber supported liquid membrane was measured elements after almost 2 -3 hours and measured by Multi-channel gamma radiation and using carrier cyanex301/keroseme 96.8%. In kerosene at pH ~3.6 has been moved 152+154 Eu just inside the Hollow fiber supported liquid membrane and 90 Sr raffinate in the cerrier.
Diffusion of Membrane
The effective of diffusion coefficient [21] - [23] (D eff ) of
152+154
Eu and 90 Sr extractant complex through the organic membrane phase were determined through mathematical modeling. Effective diffusion coefficient (D eff ) for the solute in the immobilized organic liquid membrane can be defined as follow:
The permeation of a metal species through a hollow fiber SLM module in a recycling mode can be expressed in terms of the permeability coefficient, P * , described by the following Equation [15] :
where A is the total internal area of the hollow fiber module, V the total volume of the feed solution and C 0 in the concentration of metal species solution at time zero. Study the parameter for hollow fiber membrane containing N fiber is QT PLNR φ = (17) where QT is the total flow rate of the feed solution, P the permeability, L the length of the fiber, N the number of the fibers and R is the internal radius of the fiber. Eu and remained constant up to 45% for 90 Sr there after 2 hr, it was observed to be decreased. This may be due to the increased viscosity at higher concentration of carrier, which in turn lowers the transport of metal ion .Thus 60% cyanex301 was selected as the optimum carrier concentration to carry out further experiments to evaluate different parameters where cyanex301 [bis(2,4-4-trimethylphenyl)-dithiophoshonic acid and the complex as soft donor ligands, and selective trivalent complex such as 152+154 Eu. Eu from membrane phase to strip phase as increased flow rate and indicated that higher flow rate (3 ml•min −1 ) was more linear compared to low flow rate.
Result and Discussion
Effect of Carrier Concentration on the Permeability
Effect of Flow Rate
Effect of Carrier
Cyanex 301/kerosene concentration on Figure 8 , the mass transfer coefficient was seen to increase with Cyanex 301 concentration of up 25% v/v and the transport rate should be therefore limited by diffusion 23 through the aqueous film on the feed side of membrane in this region.
Effect of the Carrier on Permeability
Effect of The results concerning transport of 
Evaluation of Feed and Stripping Phase on the Permeability Coefficient
Applicability of HFSLM for separation of
152+154
Eu from real acidic radioactive waste. The runs were made with real acidic waste. , Re-maining
Eu could be recovered by using fresh strippant or increasing the duration of the run.
Conclusion
The recovery of Sr presence of fission products rom nitate medium. The effect of carrier Cyanex/kerosene was achieve four times for
152+154
Eu than 90 Sr. The modeling of the effect of carrier was found in good agreement with results. The stability and reproducibility of the hollow fiber membrane were found to the best method in the impregnation mode. This is advantage in hollow fiber supported liquid membrane system to treat real and simulated waste streams for recovery of 152+154 Eu and 90 Sr from acidic waste.
